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Abstract
 A research project was conducted to locate, orient, and determine the appropriate sizes of 
artificial islands that could be constructed with dredged materials within Peoria Lake, a 
bottomland lake along the Illinois River. A two-dimensional hydrodynamic model was used for 
this project. Peoria Lake was formed near the city of Peoria due to the constriction of the Illinois 
River by deltas from local tributaries. Over approximately the last 100 years, the lake has lost a 
significant amount of its capacity due to sedimentation. One of the alternatives to increase lake 
depths is to remove lake sediment but keep it within the lake environment by creating artificial 
islands. The hydrodynamic model used here was calibrated with measured depth-integrated 
lateral velocity distribution data at a cross section and was run for a segment of the river from 
Peoria Lock and Dam through Henry, Illinois, a distance of about 38 miles. Model results are 
given for 1 percent (100-year) flow for this entire segment. The model then was run for a flow 
having a 2-year frequency of occurrence from Peoria Lock and Dam through Chillicothe.  A total 
of four alternatives each with one or two islands then were run for a segment of the river for 
Lower Peoria Lake. All of these island sites either are immediately upstream or downstream of 
McClugage Bridge. The computed spatial and depth-integrated lateral velocity distribution data, 
including spatial bed shear stress distributions, indicated that these islands could be built with 
minor impacts on surrounding areas. Deepwater areas from which sediments would be removed 
were incorporated in the modeling. The model also was run for a set of two islands with a side 
channel below Blue Creek Delta within Upper Peoria Lake. Model results indicated that those 
islands could be built with very minor impact on velocity structures. Presently, the State of 
Illinois and the federal government are jointly working to initiate the engineering design for the 
construction of one to three of the recommended islands by using sediments removed from the 
lake environment. 
Keywords: Artificial island, sediment disposal, hydrodynamic modeling, Peoria Lake, Illinois 
River, shear stress 
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Introduction 
 Peoria Lake, located along the main stem of the Illinois River within a major 
metropolitan area, has experienced one of the highest sedimentation rates in the State of Illinois. 
This excessive sediment deposition has had impacts on habitat, recreational opportunities, and 
other associated benefits for this lake. As part of the remedial and restoration efforts for this lake, 
the State of Illinois and the federal government, through the U.S. Army Corps of Engineers 
(USCOE), jointly have been working on feasible alternatives for placing the sediment once it is 
removed from the lake. Among the various alternatives is the construction of artificial islands 
within the lake environment using sediments dredged from the lake. These artificial islands are 
to be built within the lake and also in close proximity to the sediment removal areas. 
 In order to build such islands with the sediments of Peoria Lake, one of the first scientific 
analyses that must be performed is mathematical hydrodynamic modeling to identify the size, 
shape, orientation, geographical location, width, length, and top elevations of these potential 
islands. The Illinois State Water Survey (ISWS) received a grant from the Illinois Department of 
Natural Resources (IDNR) through the Waste Management Research Center (WMRC) for such 
scientific analyses and evaluation. Subsequently, this project was supplemented from another 
IDNR grant. This report summarizes the mathematical hydrodynamic modeling. Even though the 
emphasis of the artificial island construction was Lower Peoria Lake, the extent of the 
hydrodynamic modeling covered the river from Peoria Lake Lock and Dam, River Mile (RM) 
157.75 to Henry, Illinois, at the Route 18 Bridge, RM 195.97 (see subsequent figures). 
Lower Peoria Lake offers an opportunity and option to locate, build, and maintain 
artificial islands with dredged materials. Moreover, not only are the locations suitable from 
hydrodynamic and hydraulic points of view, but islands also could be constructed on a lakebed 
owned by the State of Illinois. 
 Construction of artificial islands with dredged materials within Peoria Lake is neither a 
new nor a novel idea. The USCOE, with direct support from the State of Illinois, already 
constructed two barrier islands in 1992 within Upper Peoria Lake near Chillicothe on the east 
side of the Illinois River. The barrier island closer to the main navigation channel was 
constructed by a clamshell type dredging operation using only the soft top sediment layer. It was 
2assumed that this barrier island would be washed away by river flows. Since its construction, the 
island did not get washed away and still provides important terrestrial and shoreline habitats. 
 Hard sediment from clamshell-type dredging was used to construct another barrier island 
parallel to the first barrier island on the east side of the island. These sediments were dredged 
from the lake below the soft top sediments. Recent field visits have shown that this barrier island 
on the east side has stayed very stable, and its heavy vegetation provides an important Illinois 
River migratory bird habitat. The dredged channel is still in very good shape after being left 
unaltered for approximately the last decade. 
These two examples from Upper Peoria Lake illustrate the viability and the sustainability 
of constructing artificial islands with dredged materials. It is quite clear that Peoria Lake 
sediment can and should be self-sustaining within the lake environment if used to construct 
artificial islands. If properly oriented, sized, and built next to the artificial island, the dredged 
channel also could be sustained as a deepwater habitat. 
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3Background
Historical Sedimentation Problems 
 Peoria Lake is located upstream of Peoria Lock and Dam at RM 157.60 and extends 
approximately up to Chillicothe at RM 180.  Figure 1 shows the Illinois River watershed, which 
includes Peoria Lake. Peoria Lake also is called the bottomland lake of the Illinois River and has 
been subjected to extensive sediment deposition. The profile of the Illinois River waterway, 
shown in figure 2, indicates that the river also changes its slope to a much flatter gradient starting 
at Peoria Pool. This flatter slope also accelerated the deposition of sediments over the years.
 Many researchers worked on the Illinois River and problems associated with excessive 
sediment deposition. Demissie and Bhowmik (1986), Bhowmik et al. (1993), Demissie et al. 
(1992), and Bhowmik and Demissie (1989) conducted some of the original research on 
sedimentation problems of Peoria Lake, the Illinois River, and backwater lakes. Demissie et al. 
(1988) conducted initial research on mathematical modeling for the construction of artificial 
islands within Peoria Lake. Bhowmik et al. (1993) also evaluated the sources of sediments to 
Peoria Lake. Recently, Bhowmik et al. (2001) completed a project on the historical sediment 
deposition at or near the mouths of five tributary deltas of Peoria Lake: Richland Creek, 
Partridge Creek, Blue Creek, Dickison Run, and Farm Creek. 
 The following paragraphs briefly summarize the sediment problems. For a detailed 
discussion, readers are referred to the original publications cited above. Research conducted by 
Demissie and Bhowmik (1986) has shown the capacity loss of Peoria Lake since 1903.  Figure 3 
shows a plan form view of Peoria Lake from about RM 162 through RM 182 past Chillicothe. 
The hatched portions show the water depths in Peoria Lake with at least 5 feet of water below an 
elevation of 440 feet above mean sea level (ft-msl) in 1903 and 1985. As this figure indicates, 
the 1985 5-foot water depth contours essentially encompass the navigation channel within Upper 
Peoria Lake and a little more area beyond the navigation channel in Lower Peoria Lake. 
 Figure 4 further illustrates these extreme sediment deposition patterns four cross sections 
from Peoria Lake (after Demissie and Bhowmik, 1986). The cross section for RM 164 is in 
Lower Peoria Lake, and the other cross sections (RM 168, RM 175, and RM 179) are from 
Upper Peoria Lake. The 1985 data indicate that Upper Peoria Lake was almost full of sediment 
except in the navigation channel; and Lower Peoria Lake still had some areas outside of the 
navigation channel not yet filled with sediment. 
 Figure 4 not only shows what happened in the past, but also what could happen in the 
future.  For example, it is certain that the cross section at RM 175 will look like the one at RM 
179 at some future time after 1985. The same also would be true for the cross sections at RM 168 
and RM 164. Thus, historical sedimentation data not only portray what happened in the past, but 
what could happen in the future. 
 Sedimentation problems of Peoria Lake also can be illustrated by comparing sedimen-
tation rates with those of other human-made lakes in Illinois (table 1). From 1965 until 1985, 
Peoria Lake had one of the highest rates of capacity losses among the major lakes and reservoirs 
in Illinois. 
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 This brief discussion shows that Peoria Lake does have high sediment deposition. 
Moreover, the areas outside of the navigation channel essentially are full of sediment with 1- to 
2-foot water depths under the normal pool condition of 440 ft-msl. If no management 
alternatives are implemented, the lake essentially may become a navigation channel with broad 
and extremely shallow areas on both sides of the main channel.   
Sediment Management 
 Management of sediment for any water body can be done by controlling sediment input 
and by managing sediment within the water body. For any sediment management options, the 
control must be implemented at both levels. If no action is taken for sediment already within the 
water body and all the resources are spent to control the sediment input, then the water body will 
gradually fill with sediments already in-transit before sediment control measures take effect. On 
the other hand, working only within the water body and not controlling incoming sediment from 
the watershed also will not be effective in the long run. Thus, any and all sediment control 
measures for any water body must include both levels of management methods. 
6Figure 3. Lake area deeper than 5 feet in 1903 and 1985, below 440 ft-msl  
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Table 1. Sedimentation Rates for Large Reservoirs in Illinois 
(after Demissie and Bhowmik, 1986)
     
Reservoir 
Initial
volume
(acre-feet) 
Drainage
area
(sq mi) 
Sedimentation 
period
Volume
loss
(percent/year) 
     
Keokuk Pool 479,600 119,000 1913-1979 0.83 
Lake Carlyle 280,600 2,680 1967-1976 0.53 
Lake Shelbyville 207,800 1,054 1969-1980 0.41 
Rend Lake 184,700 488 1970-1980 0.41 
Peoria Lake 120,000 14,165 1903-1965 0.63 
Peoria Lake 120,000 14,165 1965-1985 1.44 
Crab Orchard Lake 70,700 196 1940-1951 0.44 
Lake Springfield 59,900 265 1934-1984 0.26 
Lake Decatur 27,900 925 1921-1983 0.53 
8Sediment Management within Peoria Lake 
 There are many options available for managing sediment input and controlling sediments 
within Peoria Lake. After a detailed review of various options and alternatives, Demissie et al. 
(1988) suggested several alternatives. Some of those alternatives and others that could be 
considered are as follows: 
In-Lake Management
? Dredge selected areas of the lake. 
? Use dredged sediment to create artificial islands.  
? Use dredged areas as deepwater habitats. 
? Create deepwater channels by removing deposited sediments. 
? Create artificial side channels to enhance the movement of sediments. 
? Create diked areas for dry dredging. 
? Attempt to compact the deposited sediment by isolating portions of the lake from 
the flows, thus drying up the sediments. 
Hydraulic Manipulation of the Illinois River 
? Increase water depths by increasing the heights of the tainter gates at Peoria Lock 
and Dam. 
? Evaluate negative impacts on navigation, and then manipulate the main Illinois 
River to increase scouring of the deposited sediments.  
? Relocate sailing line occasionally. 
? Widen the narrows between Upper and Lower Peoria Lake. 
In-lake sediment management alternatives could incorporate any one of the above-
mentioned alternatives or a combination of several alternatives. For example, sediments for 
artificial island construction could be dredged in conjunction with the creation of deepwater 
habitats and side channels with deeper waters, which also could convey sediment-laden water. 
Artificial islands could shelter some areas against wind-generated waves and resuspension of 
sediments, which may allow the sediments to settle rather than staying in a constant flux of 
soupy mixture.  Properly constructed islands in association with dikes could be used to dewater a 
portion of the lake for sediment compaction and dry dredging. Draining the lake level during a 
low-water period possibly could be used to dry up some sediments in shallow areas. However, 
this option may have adverse impacts on the navigation and thus may not be an acceptable 
alternative. 
Sediment Input Control to Peoria Lake 
 At the onset, it may sound quite appropriate to control the sediment on the watershed 
before it is delivered to the receiving water bodies such as Peoria Lake.  However, as mentioned 
previously, the effects of sediment control on the watershed may not be felt within the lake 
environment until some future time. Still, it would be quite prudent to implement sediment 
control measures on the watershed so that less sediment will be delivered to the lake. Several 
options could be implemented on the watershed and within the tributary streams that would 
9result in less sediment delivery over time. It should be noted here that local tributaries that 
directly drain into the lake contribute from 25 to 50 percent or more of the sediment to Peoria 
Lake (Bhowmik et al., 1993). Thus, implementing sediment control measures within the 
tributaries of Peoria Lake will have a significant impact on the delivery of sediments to the lake. 
Direct tributaries of Peoria Lake, shown in figure 5, contribute about 3 percent of the total 
drainage area of Peoria Lake. Please note that Kickapoo Creek and Crow Creek shown in figure 
5 are not considered as direct tributaries of Peoria Lake proper. 
 Some techniques that could be implemented to reduce sediment loads to Peoria Lake are 
as follows:  
? Stabilize highly erodible streambanks, especially those from bluff areas of Peoria Lake. 
? Implement Best Management Practices (BMPs) on tributary watersheds of Peoria Lake. 
? Implement BMPs on the entire watershed of Peoria Lake. 
? Create sediment detention basins at the mouths of tributaries that directly drain into 
Peoria Lake. 
? Initiate de-channelization of channelized streams. 
? Control shoreline erosion of Peoria Lake. 
? Provide upstream storage for sediments before they enter the lake. 
? Create wetland and marshy areas along the mouths of tributaries to reduce sediment loads 
to the lake. 
Comprehensive Lake Sediment Management 
 It is imperative that a complete and comprehensive lake sediment management plan for 
Peoria Lake must be developed and implemented. Without such a comprehensive plan with 
implementable goals, sediment management of Peoria Lake will be piecemeal at best. This 
management plan must contain both in-lake and watershed sediment control measures. The 
comprehensive sediment control and measures could incorporate the following options 
(Demissie and Bhowmik, 1986; Demissie et al., 1988): 
Short-Term Goals 
? Build artificial islands with dredged sediments. 
? Create marshy and wetland areas near the mouths of tributaries. 
? Create deepwater zones next to artificial islands, including the construction of side 
channels.
? Selectively remove sediments from areas or zones of the lakes that are important for 
aquatic habitats, recreational use, or have commercial and economic benefits. 
Long-Term Goals 
? Control the input of excessive sediment loads. 
? Continue to build the artificial islands at appropriate locations to increase deepwater and 
terrestrial habitats. 
? Develop and implement various alternatives where the dredged sediments could be used 
for beneficial purposes, such as agricultural soil enhancements, landscaping, public parks, 
and revitalization of surface-mined areas and brownfield sites. 
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Even if any and all of the above-mentioned alternatives were feasible and could be implemented, 
an initial attempt to manage the sediment should be implemented. Several initiatives are being 
considered for Peoria Lake that will have both short- and long-term impacts on the “management 
of Peoria Lake sediment.” However, the rest of this report essentially will concentrate on the 
construction of artificial islands within Peoria Lake. 
Potential Construction of Artificial Islands 
 As part of the Peoria Lakefront Development project of the State of Illinois and the U.S. 
Army Corps of Engineers (USCOE), it was agreed that one option for sediment placement would 
be to build one or more artificial islands within Lower Peoria Lake with sediment already 
deposited within the lake environment. Demissie et al. (1988) formulated the original concept 
and did associated mathematical modeling. After the publication of that report, several artificial 
islands of various shapes and sizes were built within the Upper Mississippi River to fulfill a 
multitude of objectives. The barrier islands near Chillicothe also were built within Upper Peoria 
Lake. Even though not planned as such, many dredged material disposal sites within the Upper 
Mississippi River environment now essentially function as artificial islands. 
There are numerous benefits of constructing artificial islands with dredged materials. 
Several artificial islands have been constructed in various parts of the country.  The following 
materials essentially came from Demissie et al. (1988). 
 Construction of one or more artificial islands within Peoria Lake will: 
1. Provide improved and diversified aquatic, riparian, and terrestrial habitats. The 
dredging of lake sediment at selected areas would create habitats of variable water depths 
in areas that presently are very shallow. The dredged areas and the shorelines of islands 
can be contoured to provide the desired water depth at selected locations during different 
water stages in the Illinois River. Such an arrangement should provide improved and 
diversified aquatic habitat for fish and other animals.
Because of the variable stages of the river, different parts of the islands would be 
inundated at different times. Some areas would behave like natural wetlands and provide 
a different form of habitat that would enhance the aquatic habitat. Further up at higher 
elevations on the islands, some areas would not be inundated by water every year. These 
areas could be designed to provide riparian and terrestrial habitats to supplement aquatic 
and wetland habitats. This should benefit both waterfowl and shorebirds found in the 
Illinois River valley. In addition, the island habitat could provide a refuge to migratory 
and nesting birds. 
2. Serve as dredged material disposal sites for selective dredging. At present, frequent 
dredging is not required in Peoria Lake to maintain the navigation channel. However, that 
may not be the situation in the future as the deeper portion of the lake keeps shrinking 
due to continuous sedimentation. In some locations where the tributary deltas are very 
close to the navigation channel, as in the case of the Tenmile and Blue Creek Deltas, 
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navigation channel dredging may be necessary sooner than in other areas. Therefore, it 
would be to the long-term benefit of navigation interests to have artificial island sites 
close to these areas dispose of dredged materials.
If Peoria Lake is going to provide deep water for fish and wildlife habitat and for 
recreation, a large part of the lake needs to be dredged. Without dredging, much of the 
lake will be transformed to mud flats and wetlands. However, dredging a large part of the 
lake would be expensive and likely will not happen. Therefore, with the limited financial 
resources available for lake rehabilitation, only selected areas could be dredged, and there 
is a need to find a disposal site for the dredged material. It is very unlikely that the 
necessary state and federal permits could be obtained for disposing of dredged material in 
the river channel and flushing it downstream, as is popularly believed. Thus, islands 
would be an advantageous addition to the dredging proposals for Peoria Lake. This will 
enable the management agencies to dispose of dredged sediment within the lake 
environment without harming present habitats. 
3. Reduce wind- and navigation-induced resuspension of sediment and turbidity.  One of 
the major environmental problems in Peoria Lake is the resuspension of fine sediment 
due to wind- and navigation-induced waves. The problem is aggravated by the 
shallowness of much of the lake and fine unconsolidated sediment at the bottom of the 
lake. Peoria Lake is more than a mile to as much as two miles wide (west to east) at many 
places. Lower Peoria Lake is about 4 miles long, and Upper Peoria Lake is more than 14 
miles long in a south-to-north orientation. These dimensions and the prevailing 
southwesterly wind direction in the area provide long fetches for wind-generated waves 
sufficient to resuspend the sediment in the lake frequently. Navigation and recreational 
boating also generate significant waves that resuspend sediment in the lake. Therefore 
island construction that reduces the fetch of the wind would reduce the generation of 
waves in the protected areas and the resuspension of bottom sediment into the water 
column. At the same time, constructing islands between the navigation channel and some 
parts of the lake would shelter the area on the other side of any artificial islands from 
waves generated by tows and pleasure crafts. This would reduce the negative impacts of 
navigation and recreational boating in some areas of the lake.
4. Reduce sedimentation rates in areas where islands are constructed. Constructing
islands in Peoria Lake should create slightly reduced flow areas, thus increasing the flow 
velocity through the area.  In Peoria Lake, the flow areas are so large that the velocities 
under existing conditions are very small, resulting in high sedimentation rates. Increasing 
the flow velocity could reduce the sedimentation rate in areas where islands are built.
5. Provide more suitable water-based recreational sites in Peoria Lake.  Only a small part 
of the lake is used for recreation.  These areas are limited to Lower Peoria Lake and the 
lower part of Upper Peoria Lake. The availability of suitable recreational areas 
continuously will diminish as the lake fills with sediment. At the same time, the need for 
water-based recreation is expected to increase. Selective dredging and island construction 
could provide some relief to the shrinking recreational areas in the lake by increasing 
areas for water-based activities such as boating, sailing, and water skiing.
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6. Provide a side channel away from the navigation channel for safe recreational boating.
One of the concepts is the inclusion of winter fish habitat and side channels along the 
island. In addition to providing an improved winter aquatic habitat to that provided by the 
shallow channel border areas, the side channel would provide safe recreational boating 
and sailing away from the navigation channel and its large commercial navigation crafts.
Indiscriminate dredging of the whole or even just part of the lake is not feasible for many 
reasons. The major reason is the cost of dredging and, most importantly, the cost of disposing of 
the sediment. Therefore, a meticulous plan will include dredging selected areas of the lake and 
using the dredged material to construct islands, which will improve aquatic and terrestrial habitat 
in the lake. 
Selection of the dredge sites and the location of islands is an important consideration in 
implementing a long-term lake rehabilitation and management program. Dredge sites and the 
islands must be located such that the new environment created can be integrated into the river 
and lake environment and sustained for a long time. The best method for achieving such an 
environment in Peoria Lake is to establish side channels by dredging and use the dredged 
material to partially build the islands. If properly designed and constructed, this arrangement of 
islands and side channels should be self-sustaining and blend in with the natural environment of 
the lake very well. In fact, the presence of a side channel and an island or groups of islands is a 
common feature in the Illinois River valley in unconstricted reaches of the river. Therefore, the 
selection of island and side channel locations in Peoria Lake should be based on establishing an 
environment that functions and looks like a natural environment, one that also improves the 
overall quality of the lake for fish and wildlife habitat and for recreation.
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Study Purpose, Goals, and Rationale 
 After extensive discussions among the State of Illinois, USCOE, and the local interested 
citizens, agency representatives and others, it was decided that: 
? Attempts will be made to build one or more artificial islands within Peoria Lake. 
? Before any island is built, a thorough hydrodynamic analysis supported by state-of-the-art 
modeling will be done. 
? Modeling will be conducted for Lower Peoria Lake below the narrows where higher 
potential exists to build one or two islands in the immediate future. 
? Results from the hydrodynamic model will be used as a guide to determine the size, 
shape, orientation, and locations of any potential islands. 
? Modeling results will be used to identify the zones or areas of any island that may require 
protective blankets to withstand the erosive forces of the water or the potential effects of 
high wave activities. 
? Final selection of the islands will be made by joint deliberation of the state, federal, and 
interested parties. 
? Modeling results also will be used to determine the viability of constructing deepwater 
channels that will be created by removing the sediments from the lakebed. 
Conceptual Design for Artificial Islands 
 The basic concept for creation of artificial islands is very simple.  Sediments removed 
from areas where excessive deposits are present must be placed in an adjacent area where they 
will be stable, thus creating one or more artificial islands with a surface elevation above the 
normal pool level of the lake. This elevation will not necessarily be above the elevation for a 
flood having a one percent probability of occurrence of in any year, the so-called 100-year flood. 
 The conceptual design for an artificial island at any cross section within Peoria Lake may 
look like figure 6.  Here sediments dredged from the side channel or channels essentially are 
used to build the island, thus creating not only a deepwater habitat, but also disposing of 
removed sediment and creating terrestrial habitats. 
Locations of Artificial Islands 
 Careful selection of the location of any artificial island within Peoria Lake is extremely 
important. Any island constructed must not only be stable against the flows and waves but also 
must provide the stated benefits to the lake, habitats, and possibly recreational users. A review of 
the historical sediment deposition patterns (see figure 3) indicates that the islands could be built 
both within Upper and Lower Peoria Lake. Three potential island locations are given in figure 7. 
Demissie et al. (1988) suggested two of those locations: segment II on Upper Peoria Lake and 
Lower Peoria Lake. 
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Figure 6. Artificial island concept for Peoria Lake (after Demissie et al., 1988) 
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Figure 7. Potential areas for construction of artificial islands
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 Demissie et al. (1988) considered several factors in their selection of these sites.  They 
are summarized below: 
? Existing flow pattern and expected flow tendencies. The addition of a side channel 
along the island will enhance the environment much more than an isolated island in the 
middle of the lake. Thus, it is important that the island and side channel be situated to 
maintain a certain amount of flow in the side channel.
? Wind direction. Because the predominant wind direction in the Peoria area is 
southwesterly, the islands should be located so that they reduce the fetch for 
southwesterly winds.
? Anticipated sedimentation rates.  Any island and side channel should not be built 
where the sedimentation rate in the side channel is expected to be high. A side channel 
should be located to be self-sustaining for a long time without requiring frequent 
dredging.
? Availability of sand and gravel near island locations. It is anticipated that a sand dike 
may be required for island construction. The distance of an island site from a source of 
sand and gravel will affect the cost of building the island. Therefore, it would be a good 
idea to locate the islands close to a source of sand and gravel to minimize the cost.
Artificial islands constructed within Upper Peoria Lake at Segment I (figure 7) may have 
one disadvantage. Any island with side channels constructed on the eastern part of the lake at 
these locations may not have enough flowing water to keep the side channel open for a long 
time. However, islands built at this area will reduce wind fetch and consequently the wind wave 
action on the east side of the island, thus creating a stable environment where the sediments will 
not be in a flocculent state. Also, islands at this site may create terrestrial habitats that remain 
relatively undisturbed because of their distance from heavily populated areas. 
Size, Shape, Orientation, and Locations 
Consideration of island size, shape, orientation, and locations is controlled by a variety of 
factors. In addition to the factors mentioned previously, another important consideration is the 
future ownership of the island once built. Thus, each island must be built on land that is publicly 
owned because the construction will be done with public funds. 
 Island size must be based on the availability of dredged materials, resources available for 
construction purposes, and the commitments for such a project. Island orientation must not 
interfere with navigation, must be streamlined, must not be perpendicular to the flow or the main 
wind activity, and must be stabilized easily. Other factors also should be considered before an 
island is built. This will be one of the first attempts in Illinois, except for the Barrier Islands built 
several years ago near Chillicothe within Upper Peoria Lake, so public acceptance will be an 
important factor. 
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 After numerous talks, public presentations, and discussions with local, state, and federal 
personnel, it was collectively decided to attempt to build artificial islands within Lower Peoria 
Lake. It also was agreed and decided that before such islands are designed, mathematical 
hydrodynamic models must be used to determine island shape, orientation, and size. The 
remainder of this report will concentrate on the mathematical hydrodynamic modeling work that 
was completed for the purpose of building artificial islands within Lower Peoria Lake. 

21
Hydrodynamic Modeling 
Model Description and Theory 
The Surface-Water Modeling System (SMS) is a pre- and post-processor for numerical 
surface water models with support for numerous one- and two-dimensional hydrodynamic and 
wave simulation models.  The SMS (USCOE, 1977) was developed by the Environmental 
Modeling Research Laboratory (EMRL) at Brigham Young University in cooperation with the 
USCOE Waterways Experiment Station (WES) and the U.S. Federal Highway Administration 
(FHWA). 
The Peoria Lake model used the SMS to assist in the development of an RMA2 model of 
the Illinois River from Peoria Lock and Dam (RM 157.75) to the Route 18 Bridge at Henry (RM 
195.97), a length of 38.2 miles.  The RMA2 models two-dimensional flow in the horizontal 
plane. It uses a finite element mesh and the Galerkin finite-element method to solve three partial 
differential equations representing conservation of mass and momentum. This model can 
simulate lateral and longitudinal variations in velocities and water surface elevations and can 
accommodate a variety of geometric features, and hydrographic variabilities, hydrologic 
conditions.
In modeling hydrodynamics, the RMA2 model calculates water surface elevations and 
depth-averaged velocities for shallow water flow problems and supports both steady-state and 
dynamic analysis. The resulting solution files from the RMA2 model, including water surface 
elevations, velocity magnitude, and velocity direction, can be input easily into the SMS for 
output analysis. One can use the SMS post-processing capabilities to create water surface 
profiles, cross-sectional plots, two-dimensional vector plots, shaded contour plots, time-variant 
curve plots, and velocity and particle trace film loops. Such outputs greatly assist in 
understanding any impacts to a river system due to a proposed project.   
The RMA2 model solves the depth-integrated equations of fluid mass and momentum 
conservation in two horizontal directions.  The form of the governing equations (USCOE, 1997) 
is:
02
2
2
2
??
?
??
?
??
?
??
?
??
?
??
?
??
?
?
x
xyxx ?
y
u
?
?
x
u
?
?
x
ag
x
hg
y
uv
x
uu
t
u  (1) 
02
2
2
2
??
?
??
?
??
?
??
?
??
?
??
?
??
?
?
y
yyyx
y
v
?
?
x
v
?
?
y
ag
y
hg
y
vv
x
vu
t
v ?  (2) 
0)()( ?
?
??
?
??
?
?
y
vh
x
uh
t
h  (3) 
22
where u and v = velocity components in Cartesian coordinates; x, y, and t = Cartesian coordinates 
and time; h = water depth; a = bottom elevation; ? = density of fluids; ?xx, ?xy, ?yx, and ?yy = eddy 
viscosity tensors; g = gravitational acceleration; and ?x and ?y = external traction expressed as 
follows: 
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where n = Manning’s roughness coefficient; ? = empirical wind shear coefficient; va = wind 
speed; ? = wind direction; ? = rate of Earth’s angular rotation; and ? = local latitude. 
 The Galerkin method solves these equations numerically in the discretized domain. 
Because the standard Galerkin method uses symmetrical weighing functions in constructing 
weighted residual equations, the numerical technique will produce oscillatory solutions when the 
flow equations have strong convective acceleration terms. Thus, an important weakness of the 
RMA2 is in the calculation of supercritical flows where the Froude number approaches unity, 
high-speed flows that the RMA2 model cannot handle. 
 The SMS assists in the construction of large, complex meshes of arbitrary shape for use 
in RMA2 modeling. In finite element analysis, the entire study area first must be discretized into 
individual computational elements. Although the SMS greatly assists in the discretization 
process, element creation must be performed with an understanding of the prototype system 
being modeled.  Elements must be created with natural features and flow patterns in mind for 
model convergence and to ensure an accurate solution. A much denser mesh needs to be created 
for complex areas and areas that require detailed output. 
 The RMA2 elements may be either six-node quadratic triangles or eight-node quadratic 
quadrilaterals. In either case, all computations are performed at each node.  Each node has an X, 
Y, and Z value. The X and Y coordinates of the node determine its location in the prototype, 
while the Z coordinate specifies the elevation. By definition for a depth-averaged model, all 
variations of parameters in the Z direction are integrated over the depth to determine the average 
value. Therefore, the RMA2 model is not applicable to problems where variations in velocity and 
concentrations along the depth (i.e., in the vertical direction) are significant. 
Input Data Requirements 
 Data required to run the RMA2 model include a finite element mesh, hydrodynamic 
properties, boundary conditions, initial conditions, and computation control. These parameters 
are discussed below. 
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Finite Element Mesh 
The SMS provides tools to generate and edit the finite element mesh via node and 
element operation. Creation of a finite element mesh requires the user to provide bathymetric and 
geometric information that includes X and Y coordinates and elevation. The finite element mesh 
represents the discritized channel geometry in the model, limits the boundaries of computation, 
and controls the details of computation. The finite element mesh defines both the lateral and 
vertical boundaries of the study area. A higher density of elements should be used to quantify the 
geometry closely at areas where sudden changes in hydraulics of flow are expected. The types 
and number of elements used at one area should represent the degree of expected fluctuations in 
the hydraulics of flow of the study area. 
Hydrodynamic Properties 
Hydrodynamic properties such as the Manning’s roughness coefficient n and turbulence 
exchange coefficient ? are necessary to run the RMA2 model. The Manning’s roughness 
coefficient is a quantitative representation of the boundary roughness while the turbulence 
exchange coefficient relates to the momentum exchange due to velocity gradients. Both n and ?
may be varied across the entire mesh. 
Boundary Condition and Initial Condition 
 Boundary conditions specified at all external nodes are either water surface elevation, 
water discharge, or no flow. All solutions found at internal nodes are dependent upon the 
boundary conditions. The initial condition, the initial water surface elevation and velocity at each 
node, must be specified to begin the computation. 
Computational Control 
 Computational controls such as convergence parameters, iteration controls, and 
computation intervals must be specified at the beginning. Convergence parameters will 
determine when the program is to stop in a solution-seeking process, iteration control limits the 
number of iterations preventing a run-away execution, and computational interval determines the 
numerical stability of the computation. 
SMS Simulation
Modeled Area 
 The RMA2 model was applied to a 38.2-mile segment of the Illinois River within Peoria 
Pool. The model includes the area from Peoria Lock and Dam (RM 157.75) to the Route 18 
Bridge at Henry (RM 195.97). Figure 8 shows this segment of the Illinois River within Peoria 
Pool.
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Figure 8. Model extent from Peoria Lock and Dam (RM 157.75) to Henry, Illinois (RM 195.97)
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Hydrographic Data 
The most important data required for the RMA2 simulation is good quality, up-to-date 
hydrographic data of the modeled area. Specifically, required data describe the river geometry 
from Peoria Lock and Dam through the Route 18 Bridge at Henry.  Elevation data also are 
required from the bottom of the navigation channel to the top of the floodplain.  A review of all 
the existing and recent hydrographic data from this reach of river indicated that data from three 
different sources collected between 1996 and 2002 must be used to cover this entire reach. River 
bathymetry came from the USCOE, Rock Island District (Personal Communications, 1996, 
1998, 2002) and ISWS (Personal Communications, 2000, 2002). Data for areas with elevations 
greater than approximately normal pool (440 ft-msl) and up to the greatest desired flood event 
stage to be modeled (460 ft-msl) were obtained from the USGS 30-m resolution Digital 
Elevation Model (DEM). The ISWS data were collected specifically for the present project. The 
USCOE’s data were collected for a variety of projects, including the present project. Table 2 
shows the extent of the hydrographic data used in the model formulation and the various 
agencies responsible for data collection. This table shows that hydrographic data are available for 
the Peoria Lake area from just upstream of Peoria Lock and Dam (RM 157.75) to just upstream 
of the Route 18 Bridge at Henry, Illinois (RM 196.43). 
 Figures 9-13 show maps of the Peoria Lake segment from Peoria Lock and Dam through 
the Route 18 Bridge where hydrographic data were collected either by the USCOE or ISWS. 
Both are required to cover the river reach from the Lock and Dam through Henry, Illinois. Some 
data may overlap from year to year at a few locations. To assure data quality, two cross sections 
were chosen to compare the overlapped data (figure 14).  Figure 14a shows the cross sections at 
RM 162.71 and RM 162.77. Even though these cross sections are about 0.05 mile apart, about 
264 feet, they are still close enough for a relative comparison. Three datasets were available from 
1996 (USCOE), 1998 (USCOE), and 2000 (ISWS) for the cross section at RM 178.95 (figure 
14b). Data from that cross section show a good correlation. 
Finite Element Mesh 
 Each bathymetric dataset shown in figures 9-13 along with the USGS DEM dataset for 
the floodplain areas was triangulated linearly to create a continuous surface elevation within the 
geographic extent of each corresponding dataset.  Next, each dataset was combined to create a 
Triangulated Irregular Network (TIN) of the entire study area.  In combining the datasets in 
regions with data from more than one source, the dataset that was deemed most accurate or 
recent was used. 
 Based on the TIN for the entire study area, a finite element mesh was generated to model 
the prototype as accurately as possible within the scope of the project. Nodal elevation values 
for this mesh were taken directly from the underlying TIN.  This minimizes errors due to data 
interpolation, with the only limit on the quality of the mesh elevations being the density and 
quality of the original survey and the density of the finite element mesh created. 
 In this study, predominantly eight-node quadratic quadrilateral elements were used.  A 
relatively small number of six-node quadratic triangles were used for model convergence and to  
Table 2.  Peoria Pool Hydrographic Survey Data 
       
Agency Year Start (RM) End (RM) 
Total cross 
sections
Average cross-
section spacing 
(feet) Additional comments 
       
USCOE 1996 162.53 179.31 88 1018 Goose Lake (Chillicothe area – 12 cross sections) 
USCOE 1998 162.90 170.75 81 518  
USCOE  1998 171.06 172.12 28 207  
USCOE 1998 162.90 178.93 816 104 Navigation Channel Only 
ISWS 2000 178.95 196.43 89 1049 Also portions of following backwater lakes: 
Babb Slough (10 cross sections) 
Meadow Slough (5 cross sections) 
Wightman Lake (2 cross sections) 
Goose Lake (Lacon area – 6 cross sections) 
Billsback Lake (4 cross sections) 
ISWS 2002 157.75 162.78 25 1096  
USCOE 2002     Backwater areas and East Channel only 
Survey of Chillicothe Barrier Islands 
Side channel near Chillicothe (40 cross sections) 
Goose Lake (Chillicothe area – 49 cross sections) 
Portions of Douglas Lake (15 cross sections) 
Notes: The order in which these data were used are:  ISWS 2000, ISWS 2002, USCOE 1998 Channel, USCOE 1998, USCOE 2002, USCOE 
1996, and USGS 30 m DEM 
USCOE – U.S. Army Corps of Engineers 
ISWS – Illinois State Water Survey 
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Figure 9. Hydrographic data within Peoria Lake collected by ISWS in 2000 (RM 178.95  RM 196.43)
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Figure 10. Hydrographic data within Peoria Lake collected by ISWS in 2002
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Figure 11. Hydrographic data within Peoria Lake collected by USCOE in 1996 (RM 162.53  RM 179.31)
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Figure 14. River cross-sectional profile at a) RM 162.71 and 162.77 collected by USCOE in 1996,  
and ISWS in 2002, and b) RM 178.95, collected by the USCOE in 1996 and 1998, and by ISWS in 2000 
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maintain element size consistency as river and floodplain widths change. The SMS automates 
many tasks relating to mesh construction, but the modeler still must evaluate the entire mesh 
closely and, if necessary, modify or create elements individually.  Figure 15 shows a portion of 
the final mesh in Lower Peoria Lake (inset) and the entire modeled area. The mesh for Lower 
Peoria Lake contains 7442 quadrilateral elements and 512 triangular elements. The entire model, 
which extends from Peoria Lock and Dam to Henry, Illinois, contains 23,945 nodes. 
The main channel and floodplain were divided into three different regions for which 
Manning’s n values were assigned.  The division and corresponding Manning’s roughness 
coefficient n used for the regions in the Peoria Lake model are: 1) navigation channel, n = 0.025, 
2) shallow zone, n = 0.035, and 3) floodplain areas occasionally flooded. n = 0.100. Manning’s n
values are based on field experiences and those values outlined by Chow (1959) and shown 
schematically in figure 16.  The turbulence coefficient, ? in all directions, is assumed to be 200 
(lb-sec/ft2) for all areas.  Table 3 shows the Manning’s roughness coefficient and turbulence 
coefficient values used in the model simulation.   
Boundary Condition and Initial Condition 
 Flow discharge at the inflow boundary is specified as the upstream boundary condition 
for all nodes on the input cross section.  Lateral flow discharge is distributed along the input 
cross section based on depth.  The inflow direction is assumed to be perpendicular to the inflow 
boundary.  The water stage was used as the boundary condition at the downstream cross section.  
Water stages were obtained from the USCOE gaging station at Peoria Lock and Dam.   
 Tables 4 and 5 show the flow discharges at Henry and Peoria Lock and Dam determined 
from frequency analysis for use in the modeling work (USCOE, 1992).  These tables also show 
corresponding water stages used at the upstream and downstream boundary conditions to test 
RMA2 under the steady state mode. 
Computational Control 
 Both steady state and unsteady state computations were performed for this study.  
Convergence parameters and iteration control values used for this testing were those 
recommended in the RMA2 user’s manual (USCOE, 1997).  Table 6 shows the numerical values 
of these parameters. 
Calibration 
Calibration of the RMA2 model was done by using depth-integrated lateral velocity data 
collected by the USCOE (Personal Communications, 2001) within Peoria Lake. These data were 
collected with an Accoustic Doppler Current Profiler (ADCP). The velocity data were provided 
for several locations in vector form. The flow for which these data were collected varied from 
23,000 cubic feet per second (cfs) to 25,000 cfs. Velocity data collected at a cross section
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Figure 16. Manning’s n values used for modeling Peoria Lake 
Table 3.  Manning’s Roughness Coefficient n and 
Turbulence Coefficient ? Used in the Model Simulation
   
Cross-sectional zone n ? lb-sec/ft2
   
Main channel 0.025 200 
Shallow zone 0.035 200 
Zone (440 ft-msl to 460 ft-msl) 0.100 200 
Table 4.  Flow Frequencies, Flows, and Stages at Chillicothe 
(after USCOE, 1992a) 
Flow frequency Flow Stages 
Percent time Years (cfs) (ft-msl) 
    
0.2 500 125,000 461.8 
0.5 200 114,000 460.2 
1.0 100 105,000 459.0 
2.0 50 100,000 457.8 
4.0 25 85,000 456.4 
10.0 10 75,000 454.4 
20.0 5 65,000 452.1 
50.0 2 45,000 448.4 
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Table 5.  Flow Frequencies, Flows, and Stages at Peoria Lock and Dam  
(after USCOE, 1992a) 
Flow frequency Flow Stages 
Percent time Years (cfs) (ft-msl) 
    
0.2 500 103,000 460.4 
0.5 200 92,000 459.0 
1.0 100 85,000 457.8 
2.0 50 80,000 456.6 
4.0 25 72,000 455.3 
10.0 10 63,000 453.2 
20.0 5 54,000 451.0 
50.0 2 40,000 447.2 
Table 6.  Convergence Parameters and Iteration Control Values 
Used in RMA2 Model Simulations 
Depth convergence (steady state) 0.002 ft 
Maximum number of iterations 50 
Fluid temperature (default) 15°C 
Fluid density 1.935 slugs/ft3
approximately located at RM 163.70 provided an excellent lateral velocity distribution, and this 
dataset was used in the calibration process. 
 The RMA2 model was run for a 25,000 cfs flow, and the lateral velocity distribution was 
plotted with the measured velocity data collected by the ADCP. Figure 17 plots these two sets of 
lateral velocity distributions, measured and computed, respectively. Examination of this plot 
shows that the simulated velocities did, in fact, correlate quite well with the averages of the 
measured velocities. Measured velocity fluctuations shown in figure 17 are due to the fact that 
the velocity data collected by the ADCP are instantaneous values, not time average values. Based 
on this calibration, the model further was used to simulate the velocity structure for several flows 
from Peoria Lock and Dam to Henry, Illinois. Then the model was used to determine the spatial 
and lateral velocity distributions for several artificial island alternatives to be built within Lower 
Peoria Lake.  These results will be presented in the subsequent sections of this report. 
Model Runs from Peoria Lock and Dam to Henry, Illinois 
 The calibrated and verified RMA2 model was applied to the segment of Peoria Lake from 
Peoria Lock and Dam at RM 157.75 through Henry, Illinois, at RM 195.97 (figure 8). This 
segment of Peoria Pool contains both Lower Peoria Lake and Upper Peoria Lake. Initially, the 
model was run with the present conditions without any potential artificial islands. However, the 
present model formulation does include the Barrier Islands built in 1994 as part of the habitat 
rehabilitation projects on the Upper Mississippi and Illinois Rivers.  This model was run for four 
flows: 6,000 cfs, 15,000 cfs, 45,000 cfs, and 105,000 cfs. It should be noted that the 45,000 cfs
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Figure 17. Comparison of the measured and simulated lateral velocity distributions at about RM 163.7 for a flow of 25,000 cfs 
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and 105,000 flows correspond to flows that could happen for an annual frequency of occurrence 
of 50 percent and 1 percent, respectively, the so-called 2-year flood and 100-year flood. 
 The river from Peoria Lock and Dam to Henry, Illinois, is about 38.2 miles long.  It 
would be extremely difficult to show the spatial distributions of velocities for this entire length 
for various flows in a single plot.  Thus, this segment of the river was divided into eight 
subsegments starting with Peoria Lock and Dam.  All model results for flows without potential 
artificial island sites will be presented corresponding to these subsegments shown in figure 18.  
Also, it was decided to present the vector velocity plots (depth-integrated average velocities at 
each selected vertical) for four flows (6,000 cfs, 15,000 cfs, 45,000 cfs, and 105,000 cfs) and 
also for each subsegment in a single plot to illustrate the changes in the areal extent of the flows 
as the discharge increases.  
Spatial Velocity Distributions 
 Figure 19 shows results from the RMA2 modeling exercise for the river segment from 
RM 157.75 through RM 161.31 for the four flows.  From this plot, it is very clear that for 
discharges of 6,000 cfs and 15,000 cfs, most of the flowing water is confined to the navigation 
channel. When this reach of the river is subjected to the flows of 45,000 cfs and 105,000 cfs, the 
extent of the moving water spreads out from one side of the river valley to the other side, 
especially for the 105,000 cfs flow corresponding to a 100-year flood event.  Model results still 
show that the concentration of high-velocity flows is still essentially close to or over the 
navigation channel. All of these plots use the same velocity scales. 
 The next segment of the river for which the vector plots for all the four flows are given 
extends from RM 161.3 through RM 166.84. Figure 20 shows these velocities in vector forms.  
This segment of the river essentially encompasses Lower Peoria Lake.  It should be noted that 
this reach of the river will be subjected to additional modeling to show the potential changes in 
spatial velocities after one, two, or more artificial islands are installed. 
 Results shown in figure 20 are quite interesting.  In plan form, the river here goes through 
a right-turning bend as observer looks downstream from the middle of the river.  As the river 
takes approximately a smooth right 30-degree turn, the flow tends to shift to the left side of the 
river even though the high flows essentially are confined at or near the navigation channel.  This 
shifting of the flows with relatively higher velocities becomes more prominent as the flow 
increases from 15,000 cfs to 45,000 cfs.  The core of the high velocities essentially is again 
confined to the navigation channel for a flow of 6,000 cfs. The water distributes all across the 
width of the river including the Tenmile Creek Delta for a flow of 105,000 cfs. 
 Figure 21 shows vector plots of velocities for the four flows from RM 166.84 through 
RM 171.19.  This segment of the river extends from just upstream of the Tenmile Creek Delta to 
about 2 miles below Spring Bay where Blue Creek has formed an extensive delta.  In general, the 
navigation channel at this location is quite straight with no major curvature except near RM 171 
where it takes a gentle left turn of about 15 degrees.  Flow patterns for all flows are essentially in 
the downstream direction except when the river must go through the constriction created by the
39
WOODFORD
PEORIA
MARSHALL
STARK
0 2.5 5 7.5 10
Miles
Section 1: RM 157.75
(Peoria Lock and Dam, Peoria, IL)
to RM 162.87
Section 2: RM 162.87
to RM 167.88
Section 3: RM 167.88
to RM 172.26
Section 4: RM 172.26
to RM 177.18
Section 5: RM 177.18
to RM 181.96
Section 6: RM 180.89
to RM 185.69
Section 7: RM 185.69
to RM 190.40
Section 8: RM 190.91
to RM 195.97 (Henry, IL)
Figure 18. Subsegments of modeled area from Peoria Lock and Dam (RM 157.75)
through Henry, Illinois (RM 195.97) 
N



43
Tenmile Creek Delta.  At this location, all flows converge toward the opening with an increased 
magnitude of velocities as shown by longer velocity vectors. The lateral velocity distributions are 
somewhat spread over 50 to 70 percent of the width of the entire channel for a flow of 105,000 
cfs.
 Figure 22 shows the vector plots of the next upstream segment for four flows from RM 
171.19 through RM 176.24.  This segment of the river extends from about 2 miles below Spring 
Bay (Blue Creek Delta) through just below Partridge Creek Delta.  The vector plots show that for 
low flows of 6,000 cfs and 15,000 cfs, the flows are not as widely dispersed as for the higher 
flows of 45,000 cfs and 105,000 cfs.  For almost all the flows, the velocity vectors essentially 
follow a path parallel to the shorelines until the flows had to take a turn below Blue Creek Delta.
The effects of the constriction exerted by the Blue Creek Delta are quite evident on all four plots. 
 Figure 23 shows the vector plots for the same four flows from RM 176.24 through RM 
180.89.  This segment from about Partridge Creek through just below the mouth of the Richland 
Creek also contains a portion of the river near Chillicothe, including the East Channel.  For flows 
of 6,000 cfs and 15,000 cfs, the top of the island between the main channel and the East Channel 
remains above the water surface.  Vector plots show this separation of flows (figure 23).  But as 
the flow increases to 105,000 cfs with an associated increase in stage, the island between the East 
Channel and the main river floods, and water covers the entire area.  During this high flow, the 
river flow spreads, and the velocity vectors remain essentially parallel to the shorelines.   
 In general, as expected, the velocities on the left channel border areas are much lower 
than those on the right channel border areas.  The navigation channel within this reach of the 
river is on the right side of the river.  Low velocities on the left side of the broad channel border 
areas also are associated with higher sediment deposition, as seen on numerous field visits by 
project researchers. 
 Figure 24 shows the velocity vector plots for four flows from RM 180.89 through RM 
185.69.  This segment covers the Chillicothe area, including the Atchison, Topeka and Santa Fe 
(AT&SF) Railroad at RM 181.9.  In terms of hydraulics of flow through the uppermost Peoria 
Lake area, this railroad bridge exerts a significant influence.  The railroad abutment constricts the 
flow through the main opening only, and significant head loss occurs here due to bridge 
constriction.  Examination of figure 24 clearly shows the significant impact that the abutment 
exerts on the flow structure at this location.  Note that during flows of 6,000 cfs, 15,000 cfs, and 
45,000 cfs, all flows are forced through a relatively narrow opening of this bridge. Flow 
accelerates upstream of the bridge and then starts to decelerate downstream of the bridge.  Here 
the flow behaves much like jet constriction and expansion.  It appears that the bridge at this 
location has been exerting significant hydraulic control on the river.
 Figure 25 shows the velocity vector plots for four flows from RM 185.69 through RM 
190.40, including the Lacon and Sparland areas.  The Route 17 Bridge is located near the top 
half of these illustrations.   
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 That the Route 17 Bridge at the Lacon and Sparland area exerts a hydraulic control on the 
flow is quite obvious in figure 25 a-c for flows of 6,000 cfs, 15,000 cfs, and 45,000 cfs, 
respectively.  During all three flows, the water is confined underneath the bridge, as can be seen 
by the convergence of velocity vectors toward the bridge.  Once the flow crosses the bridge, the 
velocity vector starts to diverge much like jet expansion.  However, in the case of the 105,000 cfs 
flow, it appears that the approach road toward the bridge floods and the water appears to be 
moving on top of the road.  If any projects are proposed to be implemented close to the Route 17 
Bridge near the Lacon and Sparland area, then detailed surveying of this road will be required to 
fine-tune the RMA2 modeling. 
 The last segment of this RMA2 model extends from RM 190.40 through RM 195.97, and 
contains the Route 18 Bridge at Henry, the upstream boundary condition. Figure 26 shows vector 
plots for the four flows. Examination of this figure shows concentrations of flows at the bridge 
opening for all four discharges. Effects of the Brown Run Delta on the flow structure are quite 
evident for flows of 6,000 cfs, 15,000 cfs, and 45,000 cfs. Even for the 105,000 cfs flow, the 
hydraulic effect of the Brown Run Delta is quite visible. 
 Figures 19-26 have shown the overall velocity structures in vector form for four flow 
conditions. These illustrations can be used as a guide to evaluate the conceptual and potential 
impacts of any structure having a specific top elevation at some specified location. 
 The RMA2 model outputs also were used to determine how water surface profiles change 
along the navigation channel from Peoria Lock and Dam (RM 157.75) through Henry, Illinois 
(RM 195.97). Figure 27 shows water surface profiles for all four flows for this segment of the 
river. From this plot, it is quite evident that as the flow passes through various constricted 
sections of the river, hydraulic head losses occur as is expected from any river with similar 
constrictions.
 For example, the water surface elevation drop at Peoria narrows, i.e., between RM 167 
and RM 166, and is about 0.30 feet for 105,000 cfs, 0.32 feet for 45,000 cfs, 0.15 feet for 15,000 
cfs, and 0.02 feet for 6,000 cfs. This segment also includes the Tenmile Creek Delta between 
Upper and Lower Peoria Lake (figure 5). Similar water surface elevation drops can be seen in 
figure 27 for the AT&SF Railroad Bridge in Chillicothe, and the I-74 and Bob Michael Bridge 
complex in Peoria and East Peoria. Water surface drops are negligible across these constricted 
areas for a flow of 6,000 cfs. 
 Water surface profiles shown in figure 27 can be used to compute the average water 
surface slopes from Peoria Lock and Dam (RM 157.74) through Henry, Illinois (RM 196.31). 
Table 7 gives computed water surface slopes, total and specific water surface elevation drops, 
and specific water surface elevations for all four flows. This table shows that the total water 
surface elevation drop between these two points for a distance of 38.57 miles varies from a 
minimum of 0.62 feet for 6,000 cfs to 4.39 feet for a flow of 45,000 cfs. The corresponding 
average slope per mile varies from 0.016 to 0.114 feet per mile or 3.03 x 10-6 to 2.16 x 10-5.
 It should be noted that the total water surface elevation drop between these points is 
higher for a flow of 45,000 cfs than a flow of 105,000 cfs.  This is consistent with the basic and
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Figure 27. Simulated water surface elevations along Peoria Lake,  
Peoria Lock and Dam (RM 157.75)  ? Henry, Illinois (RM 195.97) 
Table 7.  Simulated Water Surface Elevations and Slopes for Peoria Lake  
from Peoria Lock and Dam through Henry, Illinois 
Flows (cfs)
6,000 15,000 45,000 105,000 
     
RM 196.31 water surface elevation 440.62 444.17 451.59 461.87 
RM 157.74 water surface elevation 440 441.00 447.20 458.00 
Total water surface elevation drop, ft,  
   from RM 196.31 - RM 157.74 0.62 3.17 4.39 3.87 
Average water surface slope, ft/mi 0.016 0.082 0.114 0.100 
     
Note:   
Total distance from Peoria Lock and Dam area (RM 157.74) to Henry, IL (RM 196.31)  
is 38.57 miles. 
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normal concept of hydraulics of flow in a large river.  In general, as the flow increases, the river 
starts to occupy more of its channel border areas and floodplains with an initial increase in water 
surface slopes. However, at a certain flow and stage, the absolute value being different from river 
to river, the average water surface slope for a long reach should start to decrease because the 
river spreads over a larger and broader portion of floodplains. At that point, flow distribution 
across a much broader and wider area requires less total potential head to move the water in the 
downstream direction.  For this case in Peoria Lake, it looks like the flow for which the 
differences in water surface elevations between an upstream and downstream point start to 
decrease occur above a flow having a 2-year frequency of occurrence, i.e., 45,000 cfs.
 Figure 28 was developed to examine the simulated depth-integrated velocities along the 
river from Peoria Lock and Dam at Rm 157.75 through Henry, Illinois (RM 195.97). This figure 
shows the depth-integrated velocities at each vertical along a line following the center of the 
navigation channel. This plot shows the velocities for all four discharges. It should be noted that 
for any flow at or above 15,000 cfs, there are at least four or five locations along the river with 
relatively high velocities. At all of these areas, the river essentially passes through constrictions, 
either due to the presence of bridges or natural encroachment of land masses in water. For the 
latter case, the example is the narrows between Upper Peoria Lake and Lower Peoria Lake at 
approximately RM 166.4. For other cases, it is essentially the presence of bridges that constricts 
flows, hence an increase in velocities. These are exemplified at locations where the I-74 Bridge 
complex (RM 162.3 to RM 162.8), AT&SF Railroad (RM 181.9), and State Highway No. 18 at 
Henry (RM 195.97) are present. 
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 The next three illustrations show how the relative magnitudes of the velocities both 
within the main channel and the channel border areas change as the flows in the river increased. 
The relative increases are similar to those observed by Bhowmik and Stall (1979) and Bhowmik 
and Demissie (1982). Brief descriptions of that research precede the modeling results for Peoria 
Lake.
 Research conducted in the middle 1970s by Bhowmik and Stall (1979) and Bhowmik and 
Demissie (1982) has shown that as the river starts to occupy its floodplains, the velocities within 
the overbank areas will start to increase from zero to a higher value. After a certain flow, 
velocities within the floodplains (channel border areas) become more or less equal to within the 
main channel, and then the floodplains and the main channel convey proportional amounts of 
water based on the wetted areas of each of these zones. 
 Simulated velocities, as shown in figure 29 and the two subsequent figures, show that at 
higher flows, such as those in relation to one percent flow (105,000 cfs in the present case), the 
floodplain (channel border areas in Peoria Lake) carries more water than the main channel.  
Again, these conceptual flow distributions are similar to those observed by Bhowmik and Stall 
(1979) and Bhowmik and Demissie (1982). 
 Figure 29 shows the simulated lateral velocity distributions at RM 166.05 at the narrows 
between Upper Peoria Lake and Lower Peoria Lake (figure 3). The lateral velocity distribution at 
this cross section is somewhat different than at other cross sections because of the narrowness of  
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Figure 29. Simulated lateral velocity distribution from left bank looking downstream (RM 166.05)
at the transition between Upper Peoria Lake and Lower Peoria Lake
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the river constricted by the Tenmile Creek Delta on the left side and the high bluff on the right 
side of the channel. Maximum vertical velocities within the navigation channel increase from 
0.35 feet per second (ft/sec) for 6,000 cfs to 1.50 ft/sec for 15,000 cfs, 2.62 ft/sec for 45,000 cfs 
and 2.93 ft/sec for 105,000 cfs (figure 29). Because of the constricted river cross section, the 
main channel conveys most of the flows at this cross section. 
 Figure 30 shows the simulated lateral velocity distributions at RM 168 near the lower end 
of Upper Peoria Lake. With an increase in flows at this river cross section, especially for flows 
between 15,000 cfs and 45,000 cfs, and between 45,000 cfs and 105,000 cfs, the relative increase 
in velocities within the main channel is generally smaller than within channel border areas.  As a 
matter of fact, there is no change in the magnitudes of the maximum velocities within the main 
channel as the flow increases from 45,000 cfs to 105,000 cfs. Thus, the channel border areas are 
now carry relatively more flow than the main channel, the concept initially postulated by 
Bhowmik and Stall (1979) and Bhowmik and Demissie (1982). 
 The last illustration in this series (figure 31) shows the simulated lateral velocity 
distribution at RM 175 within Upper Peoria Lake Segment I (see figure 7).  Here the main 
channel is approximately at or near the center of the river, and the left and right channel border 
areas (table 8) are approximately equal.  The flow distribution is approximately symmetrical to 
the center line. The changes in the maximum velocities within the main channel as the flow 
increases from 15,000 cfs to 45,000 cfs and finally to 105,000 cfs are relatively smaller than 
within the channel border areas. 
 Table 8 gives the distribution of flows between the channel border areas and the main 
channel for four simulated discharges and the corresponding percent of flows at these areas for 
three cross sections (figures 29-31). For example, this table shows that at RM 175 for flows of 
45,000 cfs and 105,000 cfs, channel border areas convey approximately 75 percent and 78 
percent of the flows, respectively.  The main channel conveys only about 25 percent and 22 
percent of the total flows of 45,000 cfs and 105,000 cfs, respectively. On the other hand, RM 
166.05, located at a narrow section of the river, does and should behave somewhat differently 
than the flow distributions observed at other cross sections. At this cross section (RM 166.05), 
both channel border areas convey about 22 percent and 28 percent of the flows for discharges of 
45,000 cfs and 105,000 cfs, respectively. Table 9 shows the maximum velocities computed 
within the main channel at the same three cross sections for the three different discharges. As can 
be seen from figures 29-31, the increase in the magnitude of maximum velocities is relatively 
small when flow is increased from 15,000 cfs to 45,000 cfs and finally to 105,000 cfs. For 
example, the maximum velocity increases to 0.77 ft/sec from 0.70 ft/sec when the flow is 
increased from 45,000 cfs to 105,000 cfs at RM 175 (table 9). As previously shown in table 8, as 
the flow increases toward one percent flow frequency, channel border areas assume a larger role 
in conveying a higher percentage of flows, a concept originally outlined by Bhowmik and Stall 
(1970) and Bhowmik and Demissie (1982).   
 Analyses presented so far show that the RMA2 simulations of Peoria Lake flows are very 
good, fit with the accepted concept of hydraulics of flow in a large river, provide very good 
results, and are extremely suitable to test various river restoration alternatives, such as the 
potential construction of artificial islands. The next section presents modeling results done 
specifically for four artificial island sites within Lower Peoria Lake. 
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Figure 30. Simulated lateral velocity distribution from left bank looking downstream (RM 168)
within lower segment of Upper Peoria Lake
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Figure 31. Simulated lateral flow velocities from left bank looking downstream (RM 175)
within Upper Peoria Lake, Segment I (figure 7)
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Table 8. Simulated Flow Distribution at Three Cross Sections  
within Peoria Lake 
     
Flows
River Mile 
Left channel 
border areas (%) 
 Right channel 
border areas (%) 
Flows within the 
main channel (%) 
     
Total Flow = 6,000 cfs    
166.05 0.6  0 99.4 
168 44  0 56 
175 32  12 56 
     
Total Flow = 15,000 cfs    
166.05 2  0 98 
168 47  0 53 
175 35  23 42 
     
Total Flow = 45,000 cfs    
166.05 4  8 88 
168 60  0 40 
175 38  37 25 
     
Total Flow = 105,000 cfs    
166.05 18  10 72 
168 65  4 31 
175 37  41 22 
Table 9.  Maximum Simulated Velocities within Main Channel for Three Cross Sections  
for Four Different Flows within Peoria Lake 
 Peak velocity (ft/sec) 
River Mile 6,000 cfs 15,000 cfs 45,000 cfs 105,000 cfs 
     
166.05 0.34 1.46 2.64 2.91 
168 0.22 0.74 0.91 0.90 
175 0.28 0.70 0.70 0.77 
56
Artificial Islands within Lower Peoria Lake 
 After considerable discussion among state, federal, and local entities concerned about 
Peoria Lake and the potential for constructing artificial islands in this reach of the river, a set of 
island configurations was identified, and the RMA2 model was run to determine the spatial and 
lateral velocity distributions with and without islands. Model results presented here concentrate 
only on the four alternatives that finally were selected for further evaluation and possible 
construction.
 All test scenarios assumed that the top of any islands would be at an elevation of 450 ft-
msl. The water surface elevations at Chillicothe and Peoria Lock and Dam are 448.4 ft-msl and 
447.2 ft-msl, respectively, for a flow having a 2-year frequency of occurrence (tables 4 and 5). 
The normal water elevation at Peoria Lock and Dam is at 440 ft-msl. Thus, it was decided to set 
all potential island configurations with a top elevation of 450 ft-msl. Once built, these islands 
will be about 2 feet above a 2-year flow elevation and will flood when a flow frequency of one 
percent occurs (tables 4 and 5). 
 In order to run the model only for Lower Peoria Lake, it was decided to run it for the 
entire test reach and then use the lateral velocity distribution near the section at Tenmile Creek 
(figure 5) as the initial boundary condition. Subsequently, this initial boundary condition was 
used for Lower Peoria Lake for all alternatives tested.  All results for the four alternatives 
discussed in this and subsequent sections also appeared in a USCOE Rock Island District report 
(2003) as part of the feasibility study for Peoria Riverfront Development that included the 
ecosystem restoration of Peoria Lake.  The hydrodynamic modeling component of that feasibility 
study was performed by ISWS engineers.   
Flows Modeled 
 Flow data available at various locations and analyzed by the USCOE (1992) for RM 80 
to RM 290 along the Illinois River were used to determine the flows and stages along Peoria 
Lake shown in tables 4 and 5.  These values were used to run the RMA2 model for various 
flows. 
 Normally all open channel hydraulic geometries are analyzed and/or determined based on 
a flow having a frequency of occurrence of about 1.5 to 2.33 years, bankful discharge or 
dominant discharge. When the Illinois River flows through Peoria Lake, however, it is not 
flowing through an ordinary and normal river channel. Peoria Lake is quite unique in that it is 
very broad and wide and has a tremendous amount of storage capacity. This uniqueness makes it 
extremely difficult to categorize Peoria Lake using a standard river geometrical pattern.  Values 
given in tables 4 and 5 can be used to illustrate this specific point.   
Table 4 shows the flows at various frequencies at Chillicothe, upstream of Peoria Lake. 
Table 5 shows similar values at Peoria Lock and Dam downstream of Chillicothe. Consequently, 
drainage areas at Peoria Lock and Dam are slightly higher than those at Chillicothe. Flows for 
various frequencies of occurrence at Chillicothe are higher than at Peoria Lock and Dam. For 
example, 105,000 cfs occurs at Henry, Illinois, for a 100-year flood event, while only 85,000 cfs  
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occurs at Peoria Lock and Dam. This amply illustrates that storage in Peoria Lake is quite 
significant and plays a dominant role in the estimation of flows between upstream and 
downstream cross sections of the lake. 
Subsequent sections illustrate the results obtained after the RMA2 model was run for 
various flows and several island options. Readers should keep in mind that the tremendous 
amount of storage in Peoria Lake, and the measured flows from the upstream to downstream 
sections, may vary on the same day, depending upon whether or not the stages are increasing or 
falling at any particular time. 
Two flows were selected by an Interagency Team (Personal Communications, 2001) to 
show what would happen to the velocity structure with and without any islands. These include 
low flow (15,000 cfs) and flow with a 2-year frequency of occurrence (45,000 cfs at Chillicothe). 
This 2-year flow was used as a surrogate for the bankful discharge, which normally has a 
frequency of occurrence of 1.5 to 2.33 years. The Interagency Team chose to use 2-year flow as 
the design flow based on the concept of bankful discharge. 
Selection of the 15,000 cfs for low-flow modeling was based on Rock Island District 
USCOE analyses of suspended sediment loads at Chillicothe (Personal Communications, 2001). 
The USCOE found that the greatest amount of suspended sediment load moves during a flow 
near 15,000 cfs even though flood flows move significant amounts of sediment during peakflow. 
Flows near 15,000 cfs occurred more often than larger flows and cumulatively transport more 
sediments on a yearly basis. 
Alternatives Modeled 
Results from four separate island shapes, orientation, and locations are given below. 
Potential island sites either are located upstream or downstream of McClugage Bridge. These 
sites are suitable for island construction because of their minimum impacts on the overall 
hydraulics of flows in the vicinity and the availability of deposited sediments. Several other 
alternatives were tested, changed, modeled, and discussed before the four final alternatives were 
selected. Fundamental and basic considerations behind these alternatives are their suitability and 
sustainability during 2-year flow events. Consideration also was given as to whether or not 
excessive scour or sediment are expected because of flows around these islands. 
 All the islands were somewhat streamlined (figure 32). Alternatives 1 and 2 are located 
upstream of McClugage Bridge, and Alternatives 3 and 4 are located downstream of McClugage 
Bridge. Modeling results show how these islands, if constructed, would alter flow patterns for 
flows of 25,000 cfs and 45,000 cfs.  Figure 32 also indicates elevations for all four alternatives 
and for the modeled area.
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Figure 32. Four alternatives for potential artificial island sites within Lower Peoria Lake 
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Modeling Results 
 Modeling results were for islands suggested for final consideration.  Engineering design 
or geotechnical analyses are to be performed after the initial design is approved by the state and 
federal government. 
Spatial Velocity Distribution of 25,000 cfs 
Figure 33 shows the spatial velocity distribution within Lower Peoria Lake for a flow of 
25,000 cfs. Again the maximum velocity is near the constriction between Upper and Lower 
Peoria Lake, which approaches a value of about 2.6 ft/sec. The majority of flow is confined 
within the main channel. However, the flow starts to distribute laterally as the water moves in the 
downstream direction. The velocity structure generated based on this flow was used to calibrate 
model results with measured velocity data provided by the USCOE, Rock Island District 
(Personal Communications, 2001), and shown in figure 17.  Lateral measured velocity data used 
for calibration are at a cross section within figure 33. 
Spatial Velocity Distribution of 45,000 cfs 
Figure 34 shows the spatial velocity distribution within Peoria Lake with no island and 
also for a flow of 45,000 cfs. The maximum velocity near the constriction is about 3.50 ft/sec. 
The flow starts to expand in the downstream reaches even though most of the flow is confined 
within the navigation channel (figure 29). 
Alternative 1 
 Figure 32 showed the elevation map or topographic map of Lower Peoria Lake with 
proposed Alternatives 1-4. The top elevations of the islands are 450 ft-msl. The normal pool 
elevation of Peoria Lake is 440 ft-msl. The flow in each alternative is from top to bottom. The 
main channel is on the west side of the river (right side). The left and right sides were determined 
based on an observer standing in the middle of the river and looking downstream. Lightly shaded 
areas around the proposed island are the zones where dredging will create deepwater habitats. 
Lines shown in light colors are the proposed deepwater channel. Flow direction is again from the 
top of the figure to the bottom. The island for this alternative is located upstream of McClugage 
Bridge.
 The RMA2 model was run for a flow of 45,000 cfs. The depth-integrated spatial velocity 
field is depicted in figure 35 for Alternatives 1-4, respectively. Some general observations from 
these figures for Alternative 1 (figure 35a) are: 
? As suspected, because of the semicircular shape of the island at the upstream and 
downstream ends, flow velocities at these locations approach zero. 
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Figure 33. Spatial velocity distributions for a flow of 25,000 cfs, Lower Peoria Lake, no island
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Figure 34. Spatial velocity distribution for a flow of 45,000 cfs, Lower Peoria Lake, no island
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Figure 35. Spatial velocity distributions for a flow of 45,000 cfs, Alternatives 1 - -4
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Figure 35. Concluded
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? At the upper top right edge (looking downstream), it is quite possible that additional 
sediment will be deposited in the future, elongating this end of the island. A portion of 
this elongated stretch will stay below normal pool level, and a portion very close to the 
proposed island may extend above normal pool level in the future. 
? The middle portion of the tail end of the island also may experience a similar fate in the 
future because of extremely low velocities. It is suspected that ultimately the tail end of 
the island may elongate and assume a shape similar to an airfoil. 
 The velocity field was analyzed further by constructing lateral velocity profiles at three 
cross sections for all the alternatives. Figure 36 shows the locations of these cross sections for all 
alternatives. Cross-section numbers are oriented from upstream to downstream. 
 Cross-sectional velocity distributions for all alternatives have been plotted looking 
downstream (i.e., for Peoria Lake), with the left side of the plots on the east side of the 
navigation channel. At all cross sections, the depth-integrated average velocities at the verticals 
at the dredged channel next to the main channel and on the west side of the island increase as a 
result of island construction.
 Table 10 gives these changes in velocities for Alternative 1. All six points shown in table 
10 also are identified in figure 37 for Cross-Section 2, Alternative 1. Points 1, 3, and 5 are 
associated with the constructed island, and points 2, 4, and 6 are associated with flow conditions 
without the island.  It should be noted that in all subsequent figures that mention the six points, 
even numbers are associated with the channel with no island and odd numbers are associated 
with the same vertical (location) with the island in place. Comparisons at these specific locations 
were made to clarify and evaluate the potential changes in velocities, if any, once an island has 
been incorporated within the modeling framework. 
 Close examination of table 10 and figure 37 shows that velocities increase next to the 
island for this 45,000 cfs flow. This increased velocity at the deep channel next to the island is 
obviously desirable for the future maintenance of these newly created deepwater channels. The 
maximum increase is for Cross-Section 2 on the main channel side, i.e., right side (looking 
downstream) of the island, where the velocities increased from about 0.44 ft/sec to 0.52 ft/sec 
(table 10). It must be pointed out that the velocities shown in all the figures are the depth-
integrated average velocities at each vertical in the lateral direction. 
Alternative 2 
 Alternative 2 also proposes an island above McClugage Bridge. The plan form of this 
proposed island, including the sediment removal area and the deepwater channels, already has 
been shown in figure 32b. Figure 35b shows the depth-integrated spatial vertical velocity 
distribution around this island. Again, the highest elevation of the island is 450 ft-msl, and the 
normal pool elevation of the lake is 440 ft-msl. The flow is from top of the figure to the bottom 
of the figure. 
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Figure 36. Locations of cross sections for all alternatives for which lateral velocity distributions
and velocities were determined
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Figure 37. Lateral velocity distributions for a flow of 45,000 cfs, Cross-Section 2, Alternative 1  
Table 10.  Velocity Changes due to Island Construction, Alternative 1 (Q=45,000 cfs)
Velocity (ft/sec) 
With
island
Without 
island
With
island
Without 
island
With
island
Without 
island
Locations 1 2 3 4 5 6 
       
Cross-Section 1 0.08 0.1 0.22 0.21 3.25 3.26 
Cross-Section 2 0.19 0.19 0.52 0.44 2.77 2.81 
Cross-Section 3 0.12 0.15 0.32 0.24 2.5 2.51 
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Figure 38. Lateral velocity distributions for a flow of 45,000 cfs, Cross-Section 2, Alternative 2  
 Examination of the figures shows that: 
? There is a very low velocity zone at the tip of the island on the right side (looking 
downstream). This indicates a high probability that sediment may accumulate at this 
zone and elongate the island somewhat in the upstream direction. 
? Velocities on the inside of the island (left side) are either negligible or near zero. 
? Velocities near the upstream edge on the navigation channel side (right side of the 
island) may be somewhat high, indicating the need for some protective measures. 
? Velocities near the lower right side of the island are quite low. This may enhance the 
sediment deposition at this location and extend the island on the downstream side. 
This indicates that the deepwater channel at this location (lower right side of the 
island) may silt up at a higher rate than at other locations. 
? The final shape of the island over time, especially the lower right side, may be 
different than the originally constructed shape. 
 Figure 36b showed the locations of three cross sections for which the lateral velocity 
distributions have been determined with and without an island. Figure 38 shows the velocity 
distributions at only one cross section, Cross-Section 2 for Alternative 2 (see figure 36b for 
cross-section location). Close examination of figure 38 shows that the velocities do not change 
significantly on both sides of the island after island construction. Table 11 gives the velocities 
with and without the island. 
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Table 11.  Velocity Changes due to Island Construction, Alternative 2 (Q=45,000 cfs) 
 Velocity (ft/sec) 
 With 
island
Without 
island
With
island
Without 
island
With
island
Without 
island
Locations 1 2 3 4 5 6 
       
Cross-Section 1 0.09 0.14 0.42 0.58 2.77 2.8 
Cross-Section 2 0.08 0.09 0.36 0.32 2.5 2.51 
Cross-Section 3 0.16 0.09 0.2 0.21 2.45 2.42 
 Examination of figure 38 and table 11 shows that: 
? Velocities do not change significantly next to the island except at Cross-Section 3 
where an increase in velocities on the east side of the island is observed. 
? This increase in velocities on the east side of the island would enhance the relative 
maintenance of the deepwater area. 
? Velocities within the navigation channel at Cross-Section 3 increase as a result of 
island construction. 
 During modeling work, it was decided to estimate the velocity downstream if an 
alternative, such as Alternative 2, is built.  In order to determine such changes, lateral velocity 
distributions at Cross-Section 4 (figure 39) were plotted with and without the island in place. 
This cross section is located below McClugage Bridge. Examination of figure 40 shows that very 
little or no changes occur in velocities downstream of McClugage Bridge if an island as shown in 
Alternative 2 (figures 35b and 36b) is built upstream of McClugage Bridge. 
Alternative 3 
 Figure 32c shows Alternative 3 with a pair of islands downstream of McClugage Bridge. 
This illustration shows the sediment removal areas where deepwater habitats will be created 
(geometric patterns with light shading). This illustration also shows the variations in elevations at 
various locations. 
 Figures 35c and 36c show the spatial distribution of the depth-integrated velocities for 
Alternative 3 for a flow of 45,000 cfs. The velocities are computed to be very low at the dark-
shaded areas.  Examination of these illustrations shows that: 
? Velocities are very low at the tips and tail ends of both islands. 
? These low velocities may enhance sediment deposition at these locations. 
? The extension of the smaller island next to the navigation channel will be smaller 
compared to the larger island due to sediment deposition. 
? The tail end of the larger island may extend downstream within the dark areas. 
? Velocities next to the navigation channel (along the right side of the smaller island) 
will be relatively high. 
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Figure 39. Locations of cross sections for Alternative 2 
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Figure 40. Lateral velocity distributions for a flow of 45,000 cfs, Cross-Section 4  
below McClugage Bridge, Alternative 2  
? Velocities between both the islands are expected to be higher than the ambient flow 
condition.
? Velocities also are going to be relatively high in an area on the left side of the larger 
island near the upstream zones. 
? Higher velocities on both sides of both islands indicate that the newly created 
deepwater channel may be subjected to less sedimentation. 
? Subsequent illustrations show that the maximum velocities within the main channel 
do increase after island construction. 
 Figure 36c shows the locations of the three cross sections for which lateral velocity 
distributions have been determined with and without islands (figures 41-43). Points such as 1-10 
are indicated in figures 41-43 and referred to in table 12. These three illustrations substantiate the 
observations made previously. In all locations, the velocities within the navigation channel 
increase with the islands in place compared to ambient conditions. 
Alternative 4 
 Alternative 4 (figures 32d, 35d, and 36d) proposes a single island below McClugage 
Bridge. The latter two figures also show the elevations, the island, proposed deepwater habitat 
areas, and the three cross-section locations.   
 Figures 35d and 36d show the spatial velocity distributions for a flow of 45,000 cfs with 
the island in place. Examination of these illustrations shows that: 
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Figure 41. Lateral velocity distributions for a flow of 45,000 cfs, Cross-Section 1, Alternative 3  
Figure 42. Lateral velocity distributions for a flow of 45,000 cfs, Cross-Section 2, Alternative 3  
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Figure 43. Lateral velocity distributions for a flow of 45,000 cfs, Cross-Section 3, Alternative 3  
Table 12.  Velocity Changes due to Island Construction, 
Alternative 3 (Q=45,000 cfs) 
Velocities (ft/sec) 
With
island
Without 
island
With
island
Without 
island
With
island
Without 
island
Locations 1 2 3 4 5 6 
Cross-Section 1 0.77 0.43 0.65 0.55 0.6 0.76 
Cross-Section 2 0.5 0.47 0.73 0.5 0.77 0.61 
Cross-Section 3 0.34 0.44 0.75 0.47 0.67 0.54 
     
With
island
Without 
island
With
island
Without 
island
Locations 7 8 9 10 
Cross-Section 1 1.48 1.47 2.15 2.09 
Cross-Section 2 0.97 1.01 1.79 1.77 
Cross-Section 3 1 0.81 1.68 1.59 
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? There are low velocity zones at the tip and tail end of the island. Thus, these areas are 
expected to have some sediment deposition in the future. The areas of sediment 
deposition are expected to be larger at the tail end than at the tip of the island. 
? Velocities are expected to be higher on both sides of the island and also for most of 
its length compared to flow conditions without an island at the same location. 
? The shore next to the navigation channel also is expected to be subjected to higher 
velocities compared to the ambient flow conditions. This is especially true near the 
upstream inside shore of the island. 
 Lateral velocity distributions were computed at three different cross sections. Figure 44 
plots Cross Section 2 with and without islands. Table 13 shows the velocities at six selected 
locations with and without islands. Examination of these illustrations and table 13 substantiates 
observations made previously. In almost all cases, the velocities next to the island increase 
somewhat compared to ambient flow conditions. The velocity in the navigation channel also 
shows either no change or some increase in magnitude.   
Low Flows 
The model was run for a flow of 15,000 cfs.  The following discussions are based on the 
results from that work. 
Figure 44. Lateral velocity distributions for a flow of 45,000 cfs, Cross-Section 2, Alternative 4  
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Table 13.  Velocity Changes due to Island Construction, 
Alternative 4 (Q=45,000 cfs) 
Velocity (ft/sec) 
 With 
island
Without 
island
With
island
Without 
island
With
island
Without 
island
Locations 1 2 3 4 5 6 
Cross-Section 1 0.85 0.45 0.72 0.66 2.05 2.09 
Cross-Section 2 0.50 0.47 0.68 0.54 1.80 1.77 
Cross-Section 3 0.32 0.44 0.79 0.49 1.67 1.59 
Base Condition: No Island 
The RMA2 model was run for 15,000 cfs without an island in place. Figure 45 shows the 
depth-integrated velocity field for this flow. The velocity ranges from negligible to about 1.9 
ft/sec or a little higher. The higher velocities occur within the main channel and close to the 
constriction between Upper and Lower Peoria Lake. 
Alternative 1 
 The spatial velocity distribution for Alternative 1 for a flow of 15,000 cfs is given (figure 
46a).  Examination of this figure shows a small zone of very low velocity at the upper edge of 
the river and also at the downstream edge of the island. These areas again could experience long-
term sediment deposition.  The river side areas of the island have slightly elevated velocities 
compared to ambient conditions.  
 Examination of the lateral velocity distributions at the three cross sections shown in 
figure 36a shows that the velocities on the river side of the island increase compared to ambient 
conditions. Maximum velocities within the main channel remain essentially unchanged for at 
least two cross sections and drop slightly at the upstream section. 
Alternative 2 
 The spatial velocity distribution for Alternative 2 for a flow of 15,000 cfs is shown 
(figure 46b). Again the velocity ranges from negligible to about 1.75 ft/sec. Velocities are 
extremely low in some areas close to the river especially on the upper tip and lower one-third to 
one-half of the island.  Again, these are areas where future sediment deposition is expected to 
occur.
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Figure 45. Depth-integrated velocity field for a flow of 15,000 cfs with no island in place 
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Figure 46. Spatial velocity distributions for a flow of 15,000 cfs, Alternatives 1 - -4
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Figure 46. Concluded
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Alternative 3
 The spatial velocity distribution for Alternative 3 for a flow of 15,000 cfs is shown 
(figure 46c). Examination of this figure shows that except for a zone near the upstream end of the 
wider island, and the downstream tip of the narrow island, the velocities do not change 
significantly next to the islands. In general, velocities are extremely low on the east side of the 
larger island (left side looking downstream), which is expected for this area. 
 Examination of this figure also shows that the velocities between the two islands increase 
compared to ambient velocities. This was found to be true for a flow of 45,000 cfs. This indicates 
that the rate of sediment deposition in between these two islands may be lower than flow 
conditions without an island in place. 
Alternative 4 
 Modeling results for Alternative 4 for 15,000 cfs are shown (figure 46d).  The spatial 
velocity distribution also is given. In general, and also for this flow, the velocities do not 
approach zero on the west side of the island, indicating that the velocities may be high enough to 
keep this area relatively clean from the deposition of fine sediments at this low flow period. The 
maximum velocity occurs within the main channel and also in the uppermost region of the main 
channel.
 Examination of the lateral velocity distributions indicates a very small decrease in the 
maximum velocities within the main channel.  However, these minor changes should have no 
impact on the scour and deposition of sediments. 
 Near the upper end of the island, it is quite clear that the velocities on the east side of the 
island (left side looking downstream) increase substantially from about 0.22 ft/sec to about 0.57 
ft/sec. This substantial increase probably was caused by the constricted flow area between the 
island and the east shore of the lake (figure 46d). As the flow areas between the island and the 
east shore increase in the downstream direction, the velocities between the island and the east 
shore decrease (figure 46d). 

81
Remarks
The velocity distributions shown above for flows of 45,000 cfs and 15,000 cfs can be 
used to estimate the stability of these islands against potential scour at those two flows. 
Evaluation of all four alternatives and associated velocity distributions indicates that all of these 
alternatives are feasible for construction.
Sediment Modeling
 Sediment modeling was used to determine the future potential sediment deposition at or 
near the islands.  The SED2D computer program coupled with the RMA2 model was used for 
that purpose.  A brief description of the SED2D computer program follows. 
 The RMA2 model includes a general computer program (SED2D) for two-dimensional, 
vertically averaged sediment transport in open channel flows. Ariathurai (1974) developed the 
initial code, then Ariathurai et al. (1977) extended the two-dimensional model in the horizontal 
plane to include the vertical plane. 
 The SED2D program can be applied for a sand or clay bed where flow velocities can be 
considered two-dimensional in the horizontal plane.  It is useful for both deposition and erosion 
studies.  The SED2D program treats two categories of sediment: (1) noncohesive (sand) and (2) 
cohesive (clay). 
 Both types of sediment may be analyzed, but the model considers a single, effective grain 
size during each run.  A separate run is required for each effective grain size. Fall velocity must 
be prescribed along with water surface elevation, x-velocity, y-velocity, diffusion coefficients, 
bed density, critical shear stress for erosion, erosion rate constants, and critical shear stress for 
deposition.
 The SED2D program does not compute water surface elevations or velocities; the RMA2 
model must provide these data. An implicit assumption of the SED2D program is that the 
changes in the bed elevation due to erosion, deposition, or both do not significantly affect the 
flow field. When the bed change calculated by the SED2D program becomes significant, the 
flow field calculated by the RMA2 model is no longer valid.  Thus, the SED2D program run 
should be stopped, a new flow field calculation should be made using the new channel 
bathymetry generated by the SED2D program, and the SED2D program run should be restarted 
with the new flow field as input. This is a major limitation of the SED2D program, especially for 
Peoria Lake where long-term variation in the sand or claybed is expected due to sediment 
deposition. These bed changes will alter the flow field, thus making the SED2D results 
essentially invalid unless it is re-run with new geometry using new flow field calculation. 
 The SED2D program only can be run after initially running the RMA2 model. As 
mentioned above, this is because the SED2D program uses the flow solutions computed by the 
RMA2 model to compute the suspended sediment concentration in kilograms per cubic meters 
(kg/m3) at the nodes, and the total bed change in meters from the start of the run. After the 
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RMA2 model successfully reads the boundary condition file, the SED2D program menu will be 
enabled. To prepare for an SED2D program run, the bed type of the mesh must be defined. A 
bed of either a sand or clay can be specified, but not both at the same time. 
 Attempts were made to run the SED2D program for a one percent flow of 105,000 cfs 
with an initial input of sediment concentration equal to 0.5 kg/m3. All SED2D computations use 
those metric units. 
 Results of these runs show how a certain sediment concentration when introduced at the 
upstream end will distribute and dissipate over the lake after a certain time period. This type of 
analysis does not portray the changes in the bed elevation over a period of 10, 15, or 20 years 
when the inflow sediment transport of any river consists of suspended load and bed load. 
Moreover, the particle size distribution of these particles may vary from sand to silt or clay. The 
Illinois River at Peoria Lake is no exception to this normal sediment transport characteristic of an 
alluvial river. 
 The long-term goal of any sediment transport modeling within Peoria Lake would be to 
estimate the spatial distribution of the sediment deposition patterns with and without the 
presence of the proposed island. Such modeling exercises require a constant input of suspended 
sediment loads for which concentration and particle size distributions vary over time and also 
spatially for periods of 10, 15, or 20 years. The SED2D program as formulated presently does 
not have that capability. 
 The simplest method to estimate sediment deposition is to review old hydrographic data, 
including recent data. Once this analysis is done, then the rate of past sediment deposition can be 
extrapolated to estimate the future sedimentation rate.  
 Another model that could be used is the HEC-6 model (USCOE, 1992). That one-
dimensional steady flow model estimates sediment deposition and scour over a time period. This 
type of modeling provides no quantification of the lateral variabilities in the sediment deposition 
patterns, however. 
Shear Stresses 
Even though the SED2D program did not provide the necessary tools to estimate long-
term bed changes in two dimensions due to sediment scour and or deposition, still this modeling 
exercise was used to estimate the spatial distribution of shear stresses for a flow of 45,000 cfs. 
The spatial shear stresses thus obtained for the ambient conditions and also for different 
alternatives are given in figures 47 and 48. Shear stress values shown are in SI units, and they are 
given in kilogram force per square meter. The conversion factor from kilogram force per square 
meter to pounds per square feet (lb force/ft2) is 0.205. 
 Examination of all of these figures shows that the shear stresses at or near the two 
underwater banks of the navigation channel are relatively higher. Theoretically, this is what is
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Figure 47. Spatial shear stress distributions for ambient conditions for a flow of 45,000 cfs
N
84
a) Alternative 1
0 1,000 2,000 3,000
Feet
Shear Stress (N/m^2)
0.00 - 0.25
0.25 - 0.50
0.50 - 0.75
0.75 - 1.00
1.00 - 1.25
1.25 - 1.50
1.50 - 1.75
b) Alternative 3
Figure 48. Spatial shear stress distributions for a flow of 45,000 cfs, Alternatives 1 - 4
N
85
0 1000 2000 3000
Feet
c) Alternative 4
Shear Stress (N/m^2)
0.00 - 0.25
0.25 - 0.50
0.50 - 0.75
0.75 - 1.00
1.00 - 1.25
1.25 - 1.50
1.50 - 1.75
 Figure 48. Concluded
expected for an open channel flow field where with a change in bank slope, a relative increase in 
shear stress in expected. 
Combined Alternatives 
Based on the environmental analysis done by the Interagency Team (Personal 
Communications, 2001) and the present hydrodynamic modeling work, the Interagency Team
decided that a combination of Alternatives 2 and 3 would provide maximum habitat benefits 
(Personal Communications, 2001). In order to determine the hydrodynamic variabilities when 
these two alternatives are combined, hydrodynamic modeling was completed for the combined 
alternatives for 45,000 cfs and 15,000 cfs. The following subsections give the results. 
Alternatives 2 and 3 
Initially, Alternatives 2 and 3 were combined into a single model evaluation that assumed
that both sets of artificial islands will be built either together or in sequential order. Figure 49 
depicts elevations for these two alternatives. Figure 50 shows the spatial velocity distribution for 
these two alternatives for flows of 45,000 and 15,000 cfs, respectively. Examination of this 
figure shows that because of the presence of Alternative 3 in the downstream area, velocities 
next to Alternative 2, especially on the right side (looking downstream), increase in magnitude.
This slight increase may keep this area relatively clear of sediments. Velocities are quite low at 
the tips of Alternative 2, right tip of the large island for Alternative 3, and downstream extreme
N
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Figure 49. Combined alternatives showing variations in elevations, Alternatives 2 and 3 
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Figure 50. Spatial velocity distributions for flows of 45,000 and 15,000 cfs, combined Alternatives 2 and 3 
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tips of the smaller and larger islands for Alternative 3.  Some sediment accumulation may occur 
at these locations. Velocities between the two islands for Alternative 3 are in the range of 0.50 
ft/sec to about 1 ft/sec. No low velocities are observed at this area.   
 Examination of the lateral velocity distributions for Alternative 2 when Alternative 3 is in 
place shows that with the combined alternatives, the velocity structures around Alternative 2 
change somewhat compared to those associated with Alternative 2 only. The velocities do not 
increase or decrease measurably within the main channel, increase at all locations next to the 
island close to the navigation channel. This increase is higher than increases observed with 
Alternative 2 only.
 Examination of the lateral velocity distributions for Alternative 3 in conjunction with 
Alternative 2 shows that the peak velocities within the main channel increase with the 
construction of Alternatives 2 and 3. This shows that the patterns of sediment deposition within 
the main channel will not exceed those for ambient conditions. Except for this slight increase in 
velocities within the main channel, the lateral velocity structure for this combination and also 
around Alternative 3 is similar to the distributions observed for Alternative 3 only. 
 The lateral velocity distributions for these combined alternatives at a cross section just 
upstream of McClugage Bridge also was examined. The lateral velocity distributions upstream of 
McClugage Bridge associated with Alternatives 2 and 3 are similar to that observed for 
Alternative 3 only. There is a slight increase in velocities within the main channel and a slight 
decrease outside of the main channel on its left side (east side).  This indicates that most of the 
bridge piers on the east side of the navigation channel will not be subjected to excessive 
velocities due to the possible construction of these two alternatives. 
 Figure 51 shows the spatial distributions of shear stresses for a flow of 45,000 cfs for 
Alternatives 2 and 3. The shear stresses shown are in kilograms force per square meter. 
Comparison of the shear stresses for these combined alternatives to those present with individual 
alternatives shows that the patterns of shear stresses are similar even though some enhanced 
shear stresses are present with the combined alternatives. In all three illustrations, higher shear 
stresses associated with the sides of the underwater banks of the navigation channel are quite 
evident. Theoretically those are areas where higher shear stresses are expected. 
 The last illustration in this series (figure 52) is the lateral velocity distribution at a cross 
section just upstream of McClugage Bridge for a flow of 45,000 cfs for these combined 
alternatives. The distribution of velocities is similar to that observed with Alternative 3 alone.  
 Lateral velocity distributions at several locations also were reviewed with this combined 
alternative. This was done for both the 45,000 cfs and 15,000 cfs. 
 The analysis of the velocities for a flow of 45,000 cfs and 15,000 cfs for the combined 
Alternatives of 2 and 3 has shown that: 
? Spatial and lateral velocities for the combined alternatives are similar to those present 
with individual alternatives. 
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Figure 51. Shear stress distributions for a flow of 45,000 cfs, Alternatives 2 and 3
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Figure 52. Lateral velocity distributions for a flow of 45,000 cfs, combined Alternatives 2 and 3, 
just upstream of McClugage Bridge 
? Presence of the islands could increase velocities slightly within the main channel, 
indicating that sediment deposition, scour, or both within the main channel will be similar 
to those for the ambient flow conditions. 
? Velocities upstream of McClugage Bridge do not change measurably due to the island 
construction, and should have no impact on scour and sediment deposition at this location 
compared to impacts associated with ambient flow conditions. 
? These two alternatives, as well as the individual alternatives, could be built without 
measurably changing the flow patterns within the main channel. 
Hydrodynamically, Alternatives 2 and 3 can be built with no measurable impact on river 
hydraulics.
Artificial Islands within Upper Peoria Lake 
 Even though some analyses were done with potential island sites within Upper Peoria 
Lake, those results are not included in this report. It was felt, however, that an example of those 
analyses should be included to illustrate the variability that could be expected if such alternatives 
are considered in the future. Such an example briefly will be described here. 
 Demissie et al. (1988) have shown a pair of islands just downstream of Spring Bay on the 
east side of Upper Peoria Lake. Two similar islands were incorporated in the present analyses as 
shown in figure 53a. The RMA2 model was run for a flow of 45,000 cfs, and spatial velocity 
distributions with and without islands, figure 53b and figure 53c, respectively. Figure 53c shows
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Figure 53. Elevational and spatial velocity distributions for Twin Islands
within Upper Peoria Lake downstream of Spring Bay 
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Figure 53. (Concluded)
that if these islands are built, sediment deposition may be expected at the east tip and east tail 
end of the upper island and west tip and east tail end of the lower island because of fairly low 
velocities. Velocities between the upper and lower islands may remain relatively high. For both 
the island sites, the velocities within the main channel and next to the islands at most locations
are expected to be higher with construction of the islands. 
That the velocities next to the island and within the main channel are expected to be 
higher are illustrated in figures 53 and 54 where lateral velocity distributions at Cross-Sections 1 
and 2 (figure 53c) are plotted. Figure 54 shows the cross section and lateral velocity distributions 
at Cross-Section 1 (RM 172.40) within the upper island. At most locations and with the 
construction of the island, the velocities next to the island and within the side channel do 
increase with the island. Similar variations on velocity structure have been observed for the 
lower island at RM 171.28 (figure 53c), as illustrated in figure 55. 
The simulated magnitudes of the depth-integrated velocities at selected verticals 1-8 
(shown in figures 54 and 55) are given in tables 14 and 15. The maximum increase in velocities
is about 61 percent with the possible construction of these islands. 
N
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Figure 54. River cross section and lateral velocity distributions for a flow of 45,000 cfs  
with and without an island near RM 172.40 
Figure 55. River cross section and lateral velocity distributions for a flow of 45,000 cfs  
with and without lower island near RM 171.28 
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Table 14. Velocity Changes due to Construction of a Pair of Islands within Upper Peoria Lake  
at RM 172.40 through Upper Island 
Velocity (ft/sec)  Velocity (ft/sec)  
Without 
island
With
island Increase
Without 
island
With
island Increase
1 2 (%) 3 4 (%) 
      
0.53 0.64 20 0.78 0.89 15 
      
Without 
island
With
island Increase
Without 
island
With
island Increase
5 6 (%) 7 8 (%) 
      
0.83 1.02 23 0.66 0.74 13 
Table 15. Velocity Changes due to Construction of a Pair of Islands within Upper Peoria Lake  
at RM 171.28 through Lower Island 
Velocity (ft/sec)  Velocity (ft/sec)  
Without 
island
With
island Increase
Without 
island
With
island Increase
1 2 (%) 3 4 (%) 
      
0.41 0.46 13 0.44 0.70 61 
      
Without 
island
With
island Increase
Without 
island
With
island Increase
5 6 (%) 7 8 (%) 
      
0.49 0.62 27 0.56 0.70 24 
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General Comments 
 The hydrodynamic modeling results presented in this report show that the model results 
are quite useful in determining the location, sizes, and orientation of any structure within an open 
river such as the Illinois River.  Model results can and do show that if and when any islands are 
built, the velocity structure and shear stresses could change or may remain the same as for 
ambient conditions. Model results also could be used to estimate the zones or areas of increased 
velocities or shear stresses, which may require the use of some kind of stabilization work to 
protect the banks against potential erosion. 
 Modeling must be supported and complemented with a thorough knowledge of river 
hydraulics and sediment transport, and sedimentation expertise. Model results should not be 
accepted blindly. When enhanced by a thorough knowledge of the hydraulics of flow and a clear 
understanding of the river or stream under consideration, modeling provides excellent results. 
 The Illinois River flowing through Peoria Lake is a complicated system. Not only has the 
river experienced a tremendous amount of sediment deposition over the years, but it also has 
been subjected to the effects of lock and dams, especially during the low-flow seasons, and 
constricted effects by deltas created by highly erosive tributaries. Moreover, flow through Peoria 
Lake is neither simple nor one-dimensional. Because of the existence of tremendous storage 
capacity, the hydraulics of flow in Peoria Lake is complicated. 
 In spite of various complicating factors, the two-dimensional RMA2 model used here 
provides an excellent guide to altered flow patterns, if any, from construction of a structure, such 
as one or more artificial islands, at certain locations. 
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Summary 
 Peoria Lake, the largest bottomland lake along the Illinois River, has lost a tremendous 
amount of storage capacity due to sediment deposition over approximately the last 100 years.  
Research conducted by ISWS engineers has shown that the lake is quite full of sediment, and the 
available deep water is essentially located at or near the navigation channel. 
 Management of the sediments in Peoria Lake will require a two-pronged plan: manage 
sediments already deposited within the lake and reduce the excessive amount of sediment still 
being delivered to the lake. Addressing the sediments at one location without addressing those at 
other locations will not be successful. 
 The present research was undertaken to determine the hydrodynamic feasibility of 
constructing artificial islands within the lake environment using sediments already deposited 
within the lake. In order to determine the potential hydraulic effects of the construction of 
artificial islands, an existing two-dimensional SMS modeling system was selected. One of the 
SMS model components, RMA2, provides a two-dimensional flow structure in an open channel 
under the influence of various geometries, hydraulics of flow, and altered regime if imposed on 
the river environment. 
 In order to use this model, extensive hydrographic data were compiled and gathered by 
two different agencies. These data were used to develop a finite element mesh of the river from 
Peoria Lock and Dam through Henry, Illinois, a distance of 38.2 miles.  The model then was 
calibrated with measured lateral velocity distribution data collected by ADCP instrumentation. 
 The calibrated RMA2 model was run for four flow conditions: 6,000 cfs, 15,000 cfs, 
45,000 cfs, and 105,000 cfs.  The latter two flow conditions correspond to flows having 2-year 
and 100-year frequencies of occurrence, respectively. Results from these analyses have been 
presented in terms of depth-integrated velocities in vector form for the entire 38.2 miles of the 
river and also for the four flow conditions. 
 Presently, the state and federal government jointly are working for the potential 
construction of artificial islands within Lower Peoria Lake. In order to select the size, location, 
orientation, top elevation, etc. of potential artificial islands, the calibrated RMA2 model was 
used to estimate the flow structures, including the velocity domain. Results from four 
alternatives selected for further consideration for Lower Peoria Lake are presented in this report. 
 Modeling results have shown that any of these alternatives could be built with a minimal 
impact on ambient flow conditions. All modeling for these artificial islands used a 2-year flow 
(45,000 cfs) and a flow of 15,000 cfs that appeared to be transporting sediments substantially 
over the entire year. 
 Model results have shown the potential for slight increases in velocities at a few specific 
locations along these islands.  On the other hand, at other locations, especially those between the 
island and the shoreline, model results have shown a decrease in velocities after the islands were 
in place. Thus, at a few locations, the presently chosen island geometries may change in the 
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future with sediment deposition.  Such sedimentation patterns ultimately may make these islands 
similar to a natural island in a riverine environment. 
 Additional sediment modeling was done to determine the patterns of shear stresses with 
and without islands.  Patterns of shear stresses with the spatial distributions of velocities should 
be used to estimate the location or locations of scour or enhanced sediment deposition. 
 Two alternatives were combined to estimate the expected changes in velocities and shear 
stresses if these two alternative island complexes are built. The velocity and shear stress 
distribution patterns indicated that this combined alternative also could be built without 
significantly changing ambient flow conditions. 
 The model also was run for a pair of islands within Upper Peoria Lake. This modeling 
has shown that, in general, higher velocities are expected next to the islands than velocities 
without the islands. 
 Results from any and all modeling must be complemented with a thorough knowledge of 
the river hydraulics and the theories behind sediment transport in a large river such as the Illinois 
River.
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